INTRODUCTION
Despite advances in imaging and interventional techniques, indeterminate pulmonary lesions are common and represent a diagnostic challenge in the evaluation of patients with suspected lung cancer. Although the majority will represent early malignancy, where resection is usually curative, separating these out from the remainder can be problematic. Accurate diagnosis is therefore imperative to avoid unnecessary surgery. Recently, 18-fluorodeoxyglucose positron emission tomography (FDG-PET), which measures tissue metabolic activity, has become available as an imaging modality to aid in the detection of malignancy in a number of organ systems. Its main use in pulmonary malignancy is to stage non-small cell lung cancer (NSCLC) and thereby prevent futile thoracotomies (1,2) , but although it is superior to computed tomography (CT) scanning in the diagnosis of indeterminate pulmonary lesions (3) , its role in their management is less clear and remains to be explored. Indeed, there have been no studies looking at its impact on thoracotomy rates for patients who ultimately have benign disease.
To investigate this further, we compared the prevalence of benign lesions at thoracotomy carried out for suspected lung cancer in two 2-year groups, before and after the introduction of PET scanning respectively, in a large thoracic surgical centre serving a catchment population of 2.5 million.
MATERIALS AND METHODS
We reviewed our prospectively recorded database for all patients who underwent surgical resection for proven or suspected NSCLC over a four year period (1233 cases). During this time patients were referred from other hospitals to our tertiary centre, and with the exception of the FDG-PET scan, all pre surgical imaging, invasive tests and multidisciplinary team decisions to treatment were performed at the referring hospitals. We compared the prevalence of benign lesions at surgery for 2 consecutive 2-year groups of patients: those who underwent surgery (CT and  FDG-PET) , lung pathology, methods of resection and perioperative mortality were reviewed. Information on the lesion size, location, margins, attenuation, presence of calcification and lymphadenopathy were recorded from the CT scan. The PET scan was performed using a dedicated PET scanner and interpreted by two experienced nuclear medicine radiologists. PET images were obtained 1 hour after intravenous injection of the 336 MBq FDG (227-400 MBq) in patients with blood glucose values < 11.1 mmol/L. The avidity of a lesion for FDG was measured using the maximum standardised uptake value (SUV), where a score > 2.5 was considered indicative of malignancy (4) . The study was approved by the local audit and research committee. Descriptive statistics in the form of percentages and mean ± standard deviation (SD) have been used to express the results. Chisquare and student's t test were used to compare data between the two groups. A p value of < 0.05 was considered significant.
RESULTS
Similar numbers of patients underwent resection in each of the 2-year groups, and with the exception of asbestos exposure, there was no difference in their clinical and pathological characteristics ( Table 1) . The number of patients with a definitive histological diagnosis of malignancy pre-resection was similar between groups I and II (278/626 [44%] vs 237/607 [39%] respectively; χ 2 = 3.43, p = 0.07). Similarly, the resection rate for ultimately benign lesions was unchanged between groups I and II (44 vs 41 respectively, both 7%), and also in group II when subdivided into those who underwent FDG-PET and the remainder (21/301 vs 20/306, both 7%).
The 21 patients with resected benign lesions following FDG-PET were analysed in more detail: 19 of these had a (false) positive scan and the two with negative scans proceeded to thoracotomy due to preoperative inaccurate positive cytology in one and an increase in the size of the lesion on interval CT scan in the other. Excluding these two patients, there was no difference in the prevalence of benign lesions in group I and group II who underwent FDG-PET scan (44/626 [7%] vs 19/301 [6.3%] respectively; χ 2 = 0.17, p = 0.68). Table 2 shows the clinical and CT scan characteristics of the 19 patients with PET positive benign lesions: nearly all had a smoking history. On the CT scan, the average size of the lesion was 2.7 cm (1.1-5.0 cm); two thirds were ≤ 3 cm. All were noncalcified, and the majority had a solid consistency and spiculated or irregular mar- 
though CT scanning can suggest cancer based on the morphology of a lesion, it cannot demonstrate increased metabolic activity, which is a hall mark of malignant disease. In this respect, a metabolic imaging technique such as the FDG-PET scan should be superior to CT in differentiating benign from malignant lesions (5) . Although FDG-PET has a major role in lung cancer in defining metastatic or local spread and thereby reducing futile thoracotomies, no studies have evaluated its impact on the prevalence of unexpected benign disease at resection for apparently malignant lone pulmonary lesions. We therefore looked at the prevalence of benign lesions in patients with isolated suspected malignant pulmonary lesions undergoing resection for a period of 2 years following the introduction of the FDG-PET scan and compared it with that in the preceding 2 years.
Our results show that FDG-PET scan did not reduce the resection rate for benign lesions. No previous studies have specifically addressed the issue of FDG-PET scans on the incidence of unexpected benign lesions at thoracotomy, but rather they have been targeted at preventing futile thoracotomies by identifying patients with otherwise unknown disseminated disease (7, 8) . Of these, the PET in lung cancer staging (PLUS) study showed that PET scan reduced the number of futile thoracotomies, by identifying patients with locally advanced disease, post operative recurrence and death (7) . Of the 9 cases where benign lesions were discovered at thoracotomy, although 2 of these underwent FDG-PET scan, it is not clear whether these were falsely positive or merely reassured the clinician that there was no disseminated disease. Our study is therefore the largest in the literature, which specifically ad- histological diagnosis and then staging the disease in order to decide the best treatment strategy. However, in those patients with isolated pulmonary lesions where definitive histology can only be obtained at thoracotomy, imaging techniques are crucial in informing the clinician as to the likelihood of malignancy. The aim is to identify patients with early stage cancer that would benefit from curative resection, whilst avoiding unnecessary surgery in those with benign disease. The development of the CT scan provided information regarding the morphology of the lesion, its attenuation, extent, growth rate, identified regional and distant spread (5) , and also led to a decline in the prevalence of benign lesions at surgical resection from 64% to 9% in a recent series of > 1500 patients (6) . However, algins. Before surgery, 13 and 4 patients had non-diagnostic bronchoscopy and percutaneous transthoracic lung biopsy (PTLB) respectively. At thoracotomy, diagnosis was achieved by lobectomy in 9; wedge resection in 8 and 2 had frozen section biopsy alone. There were no perioperative deaths and the mean duration of hospital stay was 5 (2-11) days. There was a wide range of benign conditions resected (Table 3) with varying SUV values on FDG-PET scan. Furthermore the introduction of FDG-PET scanning did not alter proportion of different benign lesions resected (Table 4) .
DISCUSSION
In patients with clinical features suggestive of pulmonary malignancy, management techniques are aimed at obtaining a dresses the impact of FDG-PET scan on unexpected benign lesions at thoracotomy.
In nearly all our cases, the clinician was misled by the high avidity for FDG by some benign lesions (false positive scans). False positive FDG-PET findings have been reported in 8-10% of indeterminate pulmonary lesions (9) and are seen in infectious and inflammatory conditions such as tuberculosis, histoplasmosis, aspergillosis, sarcoidosis, lipoid pneumonia, rheumatoid lung disease and suture/stapler granulomas (3,10,11) . The PET scan relies on an increased number of glucose transporter (GLUT) proteins and increased glycolytic activity of malignant cells to actively accumulate the radiotracer FDG, a glucose analogue labelled with positron-emitting radioisotopes (12) . However FDG uptake is not cancer specific since inflammatory cells (neutrophils, lymphocytes, macrophages and fibroblasts) also accumulate FDG and cause false positive results (13) . In activated inflammatory cells, glucose metabolism can multiply by 20-30 times, thereby increasing the uptake of FDG (14) . Specifically, GLUT proteins proliferate resulting in an increased cellular accumulation of FDG (15) . Indeed this property has led to the application of FDG-PET scans in the diagnosis and to monitor treatment response in some infectious and inflammatory conditions (16) . Although an SUV of > 2.5 is used to distinguish malignant from benign lesions, there is significant overlap in uptake values between the two conditions. Benign lesions accumulate FDG relatively early, whereas malignant cells retain FDG for longer periods: dual time point (early and delayed) imaging with an FDG retention index of > 10% has been reported to improve the accuracy of cancer diagnosis (17, 18) . However, the routine use of dual time point FDG imaging is time consuming and resource intensive, and in populations with a high incidence of malignancy it adds little to the overall yield and is therefore not justified in clinical practice. Only single time point (early) images were acquired in our study.
In our study, the clinical and CT scan features of the resected benign lesions indicated a high suspicion for malignancy, and the patients came from a population with a high risk for the disease (12, 19) . Attempts to obtain a positive histological diagnosis pre-thoracotomy, for example by PTLB, were only considered by the referring hospitals in 20% of cases. However, a negative or non-specific biopsy does not reliably rule out malignancy in patients with high suspicion for lung cancer, and a positive result in patients with resectable lesions is an indication for thoracotomy anyway. There is no convincing evidence that PTLB reduces unnecessary thoracotomies in patients who ultimately have benign disease at resection, and the consensus view is that patients with operable pulmonary lesions suspicious for lung cancer should be referred for surgery as PTLB is unlikely to alter patient management (20, 21) . The limitations of our study are that we do not have information on those patients who had a negative FDG-PET scan and therefore were not referred to our centre for consideration of surgical resection, and that a proportion of patients (50%) did not benefit from this investigation after it became available. However, our aim was to specifically look at the trend of benign lesions resected since the introduction of this scanning technique in our practice, and some patients remained without scans because of the limited availability and long waiting times when the technique was first introduced. Furthermore the prevalence of benign lesions in patients who did not have an FDG-PET scan during the same period (20/306, 6.5%) was similar, reassuring us that the scanned group were representative. This study shows that the FDG-PET scan should be interpreted with caution in patients presenting with isolated pulmonary lesions, and may not add to the diagnostic process even in those with a high risk of lung cancer.
